The relation between the excretion of viruses in the stool and disease of the gastrointestinal tract of infants is not clear. Scott et al,' in a prospective community study of infants from a deprived area of Glasgow, found that virus excretion was frequently unaccompanied by illness, and were unable to describe a typical syndrome in association with any of the viruses observed. Asymptomatic virus excretion was reported in children in hospital by Walther et al,2 who found rotavirus in the stools of 14-5% of infants of less than 6 months, with neither diarrhoea nor vomiting.
Although Bishop et al3 found virus particles in the duodenal epthelial cells of six of nine children with acute non-bacterial gastroenteritis, resolving with recovery, and Barnes and Townley4 reported mucosal changes, including blunting and shortening of the villi, in association with depressed disaccharidase activity, the latter workers were unable to relate the degree of damage to the clinical severity of the illness. Harrison and Walker-Smith5 found no correlation between clinical lactose tolerance, lactase concentrations, and small intestinal mucosal morphology in children with postgastroenteritis milk intolerance.
Xylose uptake may be depressed in gastroenteritis,6 though normal in the presence of abnormal mucosal architecture.7 Mavromichalis et al8 showed depressed xylose uptake in nine infants with gastroenteritis who harboured rotavirus or advenovirus in their jejunal aspirates, but not in those who excreted virus in their stools alone.
To investigate this puzzling relation between the clinical features of gastroenteritis, the excretion of possible intestinal pathogens, and changes in mucosal structure and function we performed a prospective community study of infants from a deprived area of Tyneside.
Subjects and methods
Infants were selected after birth at a single maternity hospital in Tyneside according to the following criteria designed to identify those at risk of gastrointestinal infection:
(1) Infants whose mothers planned to feed them with an artificial milk formula. After 24 hours of regular test feeds, when a steady state of marker input and output had been achieved, a random urine sample of at least 2 ml was obtained. Solids were excluded from the diet during this period. Urine samples were stored at -20°C with 0-1 ml 10% sodium merthiolate, and marker analysis was performed by gas liquid chromatography.'2 14 Intestinal permeability was expressed as a urinary lactulose:mannitol excretion ratio calculated from amounts of the markers present in urine samples compared with the fixed ratio in test feeds. A normal range of less than 0-55 was taken from a study of 24 infants on different feeds (breast milk, cows' milk, and soya formulae) aged six weeks.
Gastrointestinal symptoms, stool micro-organisms, and tests of intestinal permeability were recorded or performed between Mondays and Fridays each week, but not always on the same day. In the analysis of the results correlation between these three variables was made whatever their chronological relations within a single week. The Student's t test was used to determine the significance of the results.
Conversion factors: lactulose 1 mg/l=2-92 mmol/l; mannitol 1 mg/l=5.49 mmol/l.
Results
Social and domestic data (Table 1) . 20 infants were studied from birth to 6 months of age. Their mean birthweight was 3-2 kg (range 2-2 to 4-2 kg). Fourteen were boys and six girls. Nine were illegitimate, but in only two cases were the fathers not at home. Sixteen of these 18 fathers were unemployed. The mean score for domestic conditions was 2-9 (range 1 to 4), and for hygiene in feed preparation 2-8 (range 1 to 5). There was a significant inverse relation between frequency of episodes of diarrhoea and vomiting and scores for domestic conditions (P<0-01) and hygiene in feed preparation (P<0-02).
The mean number of other children in the households was 2 (range 1 to 5), and animals 1-2 (range 0 to 5). The latter included 18 group.bmj.com on June 22, 2017 -Published by http://adc.bmj.com/ Downloaded from the same week as vomiting or diarrhoea, or both, occurred (Fig. 1) .
Stool micro-organism excretion (Table 2) . Samples were obtained for microbiological analysis on 426 weeks from a theoretical total of 520 (82%). The discrepancy was due to maternal collection and transport failures, late recruitment to the study, and holidays. Potentially pathogenic micro-organisms were identified on 178 weeks (42%), which was 8-9 weeks per infant. On 88% of the weeks that organisms were found in the stools no gastrointestinal symptoms were present. On eight occasions more than one organism was found, and on 14 occasions more than one type of poliovirus, making a total number of identifications of 200. Thirty six stool samples proved unsuitable for virological culture because of overgrowth of bacteria or fungi. In none of these was a virus identified by electron microscopy.
Adenovirus type 5 was the commonest organism found in association with diarrhoea and vomiting, and on only two of the five occasions that rotavirus was found were symptoms present. Prolonged excretion for more than three weeks of adenovirus (three infants), echovirus (three infants) and poliovirus (eight infants) occurred. Poliovirus was the micro-organism found most frequently in asymptomatic infants. The 18 infants who received polio vaccine during the study all excreted the virus, plus two infants who did so before immunisation. The (1) Group A consisted of 14 infants with diarrhoea or vomiting, or both, and with potentially pathogenic micro-organisms identified in the stool.
(2) Group B comprised 26 infants with neither diarrhoea nor vomiting but with potentially pathogenic micro-organisms identified in the stool.
(3) Group C comprised eight infants with diarrhoea or vomiting, or both, but no potentially pathogenic micro-organisms identified in the stool.
(4) Group D comprised 32 infants with neither diarrhoea nor vomiting nor potentially pathogenic micro-organisms identified in the stool.
There was a significant difference (P<0-02) between the mean permeability ratios of groups A and D. An intestinal permeability ratio of less than 0-55 was recorded in nine of group A, 19 of group B, six of group C, and 30 of group D (Fig. 1) .
The results obtained from those 16 infants whose permeability ratios were above the normal range are shown in Fig. 2 . The first upright bar for each infant represents the urinary lactulose:mannitol excretion ratio recorded during excretion of a micro-organism with and without diarrhoea or vomiting, or both, and the second bar that after cessation of organism excretion (if present) or diarrhoea or vomiting, or both. On one occasion possible virus identification was prevented by bacterial overgrowth, and on two occasions no organisms were identified in the presence of diarrhoea and vomiting. On one of the five occasions that adenovirus (untyped) was identified Coxsackie virus type B3 was also found. An increased intestinal permeability ratio was recorded the following week.
There was no significant relation between the prescription of antimicrobials or other medication, and either gastrointestinal symptoms or alterations in intestinal permeability. Discussion, In spite of a high incidence of adverse environmental factors (Table 1 ) and a wide range of microorganisms excreted (Table 2) only one infant required admission to hospital with gastroenteritis, and no baby failed to thrive during the course of the study. This may, in part, have been due to the regular attention and support of the research health visitor (PDC). There was, however, a significant relation between adverse environmental circumstances and the frequency of episodes of diarrhoea and vomiting.
While stool micro-organism excretion was recorded on 8-9 weeks per infant, and episodes of diarrhoea or vomiting, or both, on 2*2 weeks per infant, the identification of stool micro-organisms in association with symptoms occurred on only one week per infant. These figures are similar to those of Scott et all who reported that only 41% of stool virus identifications were associated with episodes of illness, in a cohort of 27 infants from a comparable area of inner city Glasgow. They also observed that adenovirus was the virus most commonly detected, and that repeated excretion was not unusual.
The absence of micro-organism excretion in the stool of 52% of infants we studied with diarrhoea or vomiting, or both, may have been due to the limitations of the analytic methods. Electron microscopy, at present the only method capable of detecting every kind of virus in the stool, is insensitive when virus is present in less than a million particles per gram of faeces.9 Not all viruses observed by electron microscopy, however, grow in cell culture, and bacterial and fungal overgrowth may interfere. Consequently failure to detect virus in the stool does not necessarily indicate absence of virus, even though some episodes of diarrhoea and vomiting may have been due to non-infective causes.
Conversely the identification of virus in the stool of an infant with diarrhoea and vomiting does not necessarily constitute causation of those symptoms.
Scott et all observed a rapidly changing flora in sequential examinations of stools from the same infant, and as we have found, more than one potentially pathogenic organism may be identified in the stool of infants with symptoms. The absence of symptoms in the presence of potentially pathogenic micro-organisms in the stool further supports the contention that virus excretion is not necessarily indicative of gastrointestinal disease.
We have shown that stool micro-organism excretion may occur with and without gastrointestinal symptoms and with and without alterations in intestinal permeability. An enhanced intestinal permeability ratio occurred with micro-organism excretion or diarrhoea and vomiting, or both, in 94% of cases. In the single case in which an enhanced permeability ratio was recorded in the absence of either micro-organism excretion or symptoms, stool viral culture was contaminated by bacterial overgrowth. We suggest that an enhanced urinary lactulose:mannitol excretion ratio is a sign of mucosal damage.
The use of a combination of two markers of different sizes to measure changes in small intestinal permeability has proved a sensitive and specific method in both paediatric and adult studies. 
